The FDTD modeling was performed using RSoft ® FullWAVE module [S1]. A transverse magnetic (TM) plane wave is launched to illuminate the nanogroove and nanoslit simultaneously. A detector is placed at the other side of the slit to collect the scattered light intensity. A non-uniform gridding is used, where grid sizes in the bulk material are Δx bulk = Δz bulk = 20nm, and grid sizes at structure edges are Δx edge = Δz edge = 10nm. The minimum grid number between two neighboring interfaces is set to 10. Perfectly matched layers (PML) with a 0.5μm width are used to wrap the computation area to eliminate reflection at these boundaries. For the dispersive permittivity of silver (λ), we used the six-term Lorentz model provided by RSoft ® material library [S1], which fits the experimental data [S2] very well in the spectral regime of interest (see Fig. S1 ). 
II. Microscopic modal for calculation of intrinsic phase shift (i) Phase of SPP modes excited by nanogrooves
When the TM-polarized incident light impinges on the slit-groove structure, the groove will couple free-space light into SPPs propagating towards the slit via the scattering process ① shown in Fig.3 (a) . The phase of SPPs can be calculated by a microscopic model proposed by Lalanne et.al. [S3] . According to the reciprocity theorem of Maxwell's equations [S4] , every two modes in an absorbing waveguide should satisfy the unconjugate general form of orthogonality condition, as described by Eq.(S1), , ,
Here ρ and ρ′ represent two arbitrary modes in the waveguide. The '+' and '-' signs are used to distinguish the forward-propagating and backward-propagating modes along the x-axis. The total EM field on the Ag/Air interface can be expressed as: 
Here {E z,sp , H y,sp } represents the SPP mode propagating on the Ag/Air interface, and { E z,σ , H y,σ }(σ≠sp) are radiative modes other than SPP mode. Based on the expansion of the total field {E z , H y } described in Eq.(S2), one can get 
Due to the orthogonality condition described in Eq. (S1), the last term on the right side of Eq. (S3) is zero. Consequently, complex amplitudes of SPP modes propagating on Ag/Air interface can be calculated using the following equation (i.e. Eq. (3) in the main text), 
Here '+' and '-' signs actually refer to SPP waves propagating rightward and leftward along x-axis in Fig.3(a) , whose intensity and phase can be expressed by [S5] . The total field {H y (x,z), E z (x,z)} can be modeled using full-wave FDTD modeling, while the SPP field {H y,sp (z), E z,sp (z)} can be calculated analytically using following equations [S6] : (ii) Phase of the waveguide mode confined in the metal-insulator-metal (MIM) nanoslit As shown in Fig.3 (a) , the slit couples SPPs and the incident free-space light into the fundamental mode of the MIM waveguide (i.e., the nanoslit), corresponding to scattering processes ② and ③, respectively. Using the method described above, the complex amplitudes of MIM fundamental modes, MIM   , can also be calculated by properly modifying the subscripts and coordinates of Eq. (S4),
, ,
Here '+' and '-' represent MIM fundamental mode propagating downwards and upwards along the slit along z axis in Fig. 3(a) . Similarly, their phase can be calculated by arg( )
